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S U M M A R Y  

It is shown t h a t  t he  problem of searching  f o r  the  t r u e  d i s t r i b u -  
t i o n  of radio br igh tness  over the sky amounts t o  the  s o l u t i o n  of t h e  

i n t e g r a l  equat ion ( 1 )  below only f o r  a s p e c i f i c  o p e r a t i o n a l  regime of 
the  r a d i o  te lescope.  Est imates  are  given of t h e  averaging time of rad io-  
t e l e scope ' s  output s i g n a l  assur ing  t h e  d e t e c t i o n  of radio sources  of 
var ious  magnitudes. The p o s s i b i l i t y  of s o l v i n g  t h e  problem of reduct ion  

by an analogous method is discussed. 

of r a d i o  b r igh tness ,  taken down by a s p e c i a l  method, t o  t h e  pass ing  of 
t he  s igna1 ,propor t iona l  t o  t h i s  d i s t r i b u t i o n  funct ion, through a l i n e a r  
f i l t e r  . 

It allows t o  reduce t h e  process ing  

t 

* 
1. The determinat ion of t h e  t r u e  d i s t r i b u t i o n  of r a d i o  emission 

over t h e  sky c o n s t i t u t e s  one of t h e  important  problems of r a d i o  astronomy. 
The b a s i c  i d e a  behind a l l  the  methods of f i n d i n g  t h e  t r u e  d i s t r i b u t i o n  
of r a d i o  br ightness  considered i n  l i t e r a t u r e  is t h a t  of r e v e r s i b i l i t y  

of t h e  t ransformation,  mater ia l iaed  by the  antenna,  which is expressed 
i n  t h e  unidimensional cace by t h e  equat ion 

Here f ( x )  is t h e  mn7surcble d i s t r i b u t i o n  of t h c  i c t z n s i t y  of r a d i o  
emission by the  angular  coorCir:ate x, ~ ( x )  is t h e  m t e n n a ' s  r a d i a t i o n  

p a t t e r n  by power, p ( X I  i s  t h e  t r u e  d i s t r i b u t i o n  of i n t e n s i t y .  It is 
~~~ 
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assumed t h a t  the antenna is l i n e a r  and t h a t  the s i g n a l s  a r e  incoherent .  
The e n t i r e  v a r i e t y  of methods of f ind ing  Y(x)  i s  l inked  w i t h  

d i f f e r e n t  mcthozs of r s so lv ing  the eauatdon (1) and var ious  means f o r  

t h e i r  r e a l i z a t i o n .  The main a t t e n t i o n  i s  usua l ly  given t o  the  p rec i s ion  
of ca l cu la t ions .  At t h e  same time i t  is assumed t h a t  t he  measured d i s t r i -  

bu t ion  o f  t h e  power of f ( x )  is obtained with a s u f f i c i e n t  p rec i s ion  and 
t h a t  the  connection between f (x) and V ( x )  i s  expressed by the  equat ion (1). 

Let us  now d i scuss  the  condi t ions t h a t  have t o  be f u l f i l l e d  i n  

o rde r  t o  s a t i s f y  these assumptions. 
I n  the  experiment t he  d i s t r i b u t i o n  of power by t h e  angle is obtained 

by way of averarying the  square of antenna's output  s igna l .  T h i s  procedure 
is. obviously exDressed by the  c o r r e l a t i o n  

-a, - x  

where B (f) is  the pulse  response of t he  n e u t r a l i z i n g  system, s2 (x,  t )  is 
t h e  square of s i g n a l  r e a l i z a t i o n ,  proceeding from the  source with an angu- 

lar  coordinate  x, 

a x i s  of antenna p a t t e r n  with time, t,is the  molnent of time a t  which the  

func t ion  f i s  measured, xo is t h e  angular  coordinate ,  t o  which t h e  measu- 

r e d  value of t h e  funct ion - f is ascribed. 

xo ( t )  is  a funct ion,  desc r ib ing  the  displacement of t h e  

It is easy  t o  s e e  t h a t  ( 2 )  passes  t o  (1 )  only a t  fu l f iUPlent  of 
c e r t a i n ,  q u i t e  s p e c i f i c  conditions.  F i r s t  of a l l  t h i s  is an obvious condi- 
t i o n  f o r  a " s u f f i c i e n t  narrownesst1 of the  p a t t e r n  and the  absence of sources  

near  t he  boundaries of the sec to r  considered; i t  allows t h e  pass ing  t o  i n -  
f i n i t e  l i n i t s  i n  the  i n t e g r a l  over E .  Secondly, the  antenna p a t t e r n  must 

be f ixed  r e l a t i v e  t o  emission sources  during t h e  e n t i r e  averaging time, 
t h a t  is, xo ( t )  must be a constant ;  only then can (2) be r e w r i t t e n  i n  a 
form c lose  t o  (1) : 

F i n a l l y ,  i n  o rder  t h a t  the  expression i n  b racke t s  c G n  be s u b s t i t u t e d  by 
t h e  t r u e  d i s t r i b u t i o n  of <p(x), the func t ion  B (%'I must a l s o  s a t i s f y  spec i -  
f i c  condi t ions  ( s e e  p a r t  2). 



3. 

Therefore ,  cont ra ry  t o  the  e s t a b l i s h e d  opinion,  t he  br inging  up 
or" t h e  reduct ion  problem t o  the  so lu t ion  of t'ie equat ion (1 )  is, s t r i c t l y  

speaking, poss ib l e  only f o r  a s p e c i f i c  ope ra t ing  re..;ime of the  e n t i r e  

system, when 
1 )  t he  scanning is d i s c r e t e ;  dur ing  t h e  necessary time i n t e r v a l  of 

T averaging, a t  t h e  end of which the  r ead ing  of the measured func t ion  f (x) 

is taken dovm, the  antenna remains f i x e d  r e l a t i v e  t o  t h e  source ( t h e  nece6- 

s a r y  value of T is est imated i n  part 2); 
2)  a t  the  end of t he  i n t e r v a l  of T t h e  antenna axis is disp laced  

by a ce r t a i r ,  angle S2 and stops again for T seconds i n  o rde r  t o  take down 

t h e  fo l lowinc  reading;  then t h e  procedure is repeated,  so long as t h e  g i -  
ven s e c t o r  i s  not  covered ( t h e  value of Q is l inked  wi th  t h e  system's  
r e s o l u t i o n ;  t he  p . r a n e t e r s  of t h e  system, a f f e c t i n g  a, are discussed in 

the  p a r t  4). 
The ques t ion  as t o  what the reduct ion  p rec i s ion  is when ob ta in ing  

the  func t ion  f ( x )  by way of continuous scanning and t h e  subsequent formal 
s u S s t i t u t i o n  i n t o  the  equat ion (l), remains open. However, cer ta in  research-  

e r s  use F rec i se ly  t h i s  procedure ( see  r e fe rences  a t  the  end of t h e  paper) .  
That is why the i n d i c a t e d  quest ion r e q u i r e s  a s p e c i a l  cons idera t ion ,  which 

i s  beyond tne  ob jec t  oE L i l t .  pi-"se."t p&.-,er. ?!e m i y  enlg af .3 . t~ ;  t h a t  i n  t h i s  

case  t h e  equation (2)  and not  (1) must be t h e  i n i t i a l  one f o r  t he  analysis. 

2.-Assume t h a t  t he  condi t ions ,  f o r  which t h e  experiment is desc r i -  
bed by t h e  equat ion ( 3 ) ,  are f u l f i l l e d .  It i s  necessary t o  e s t ima te  quant i -  

t z t i v e l y  the  cond i t ions ,  f o r  which the  equat ion (3 )  is reduced t o  (1). As 
a mat te r  of f a c t  t he  readings  of the device,  measuring t h e  power of r a d i o  

emission, is a random quan t i ty ,  which approaches t h e  t rue  va lue  searched 

f o r  
measurement of power with a guaranteed p r e c i s i o n ,  one may e s t ima te  t h e  

averaging time necessary t o  t h a t  e f f e c t .  It i s  important t o  note  t h a t  even 
i n  t h e  absence of no i se s  t h i s  time depends on t h e  range of va lues  of t h e  

power of sources. 

only a t  limit ( a t  averaging time inc rease ) .  I n  order  t o  assure t h e  

Assume t h a t  t h e  emission of radio sources  i s  s u b j e c t  t o  s t anda rd  
d i s t r i b u t i o n .  Assume f u r t h e r  t h a t  the  power P of t he  emission is es t imated  
by way of averaging N r ead ings  of squizres of the  rece ived  signal's ampli- 
tude. Th i s  means, t h a t  t h e  weight func t ion  B (r) c o n s t i t u t e s  a r ec t angu la r  
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pulse  of durat ion T ,  t o  which correspond N readings:  

It is w e l l  known L l ]  t h a t  t he  s t a n d a r d  Cef lec t ion  of the  rseasured power 

then is -- 
ap =; 1/ 2 / N  P .  (5) 

I n  o rde r  to r e l i a b l y  r e v e a l  a weak source aga ins t  t he  background of s t r o n g  
source ' s  i n t e n s i t y  f l u c t u a t i o n s ,  and also w i t h  t h e  view of avoid ing  

the  f l u c t u a t i o m  of a s t r o n g  source 's  power subsequent ly  provide f i c t i t i o u s  
"weak sourcesf1,  i t  is requi red  t h a t  6 p  be l e s s  than Pmin by a given nun- 

max 
ber  n of t i m e s ,  where Pmin m c l  I'rlax ?.:.e t he  f n t i c i p a t e d  powers of ,  r e spec t -  
i v e l y  the  weakest nn4 t h e  s t ronges t  sources  of r ad io  ernusion; 

t h a t  

Assume f u r t h e r  as given the dynonic r a c e  of r ad io t e l e scope ' s  r e c e i v e r ,  
t h a t  is, the  r a t i o  between the minimum and maxinum poss ib l e  signals is 
known : 

PrnaxlPrn~,, = m. (7) 

From formulas ( 5 )  - (7)  i t  f o l l o w s t h a t  the  number of readings  r equ i r ed  f o r  
the  averaRinp is : 

N = 2 (nz f f y .  (8) 

On the o the r  h.md, M is r e l a t e d  t o  r e c e i v e r  pass band and averaging 

time. Indeed, i n  the  case when the readings  a r e  uncorre la ted ,  we have f o r  

t ke  uniform r a d i o  emission spectrum i n  t he  r e c e i v e r ' s  band 

where F i s  the r e c e i v e r ' s  band and T the  averaging tine. Hence i t  fo l lows  
t h a t  t he  requi red  avera,n;ing time is 

1 
F 

T=- (rnn)*. 

fi-ccording t o  (101, zit band expansion we m e  e i ther .compel led  t o  inc rease  

the r e c e i v e r ' s  band o r  the  avera-ing time. 
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If we t ake  requirements,  t h a t  are not  too  much over ra ted ,  and f o r  

which n = 10 + 100, m = 10 + 1000, we have 

-3 For e x a p l e ,  depending upon ,m and ", the  q u a n t i t y  T may vary  from 10 
t o  lo3 s e c  f o r  a band F = 10 cps. Th i s  example may se rve  as a basis f o r  

an approximate conclusion of the  f a c t ,  t h a t  inasmuch as T w loo3 is 2 s u f -  
f i c i e n t l y  small time i n t e r v a l ,  the  use  of the equat ion (1) a t  s u b s t i t u t i o n  

in i t  of t he  func t ion  f (x) ,ob ta ined  a t  continuous scanning, can provide a 
s u f f i c i e n t l y  accura te  expression f o r  q ( x )  only a t  f a i r l y  l o w  r equ i r emmts  

for - m and ;. It i s  also necessary t o  r e a l i z e  t h a t  even t h e  t l~ lowness l l  of 
scanning a t  uniform d i s t r i b u t i o n  of power by the  angle  and a t  g r e a t  - m and .I n 
does not  save t h e  s i t u a t i o n .  I n  order t o  a s c e r t a i n  t h e  above it is s u f f i c i e n t  
t o  conduct t h e  computations of t h e  uns teadiness  of the  s e c t o r  antenna 's  

ou tput  s ignal .  

7 

3 . -  To conduct c a l c u l a t i o n s  wi th in  an analogous computation mode 

c e r t a i n  phys ica l  phenomena, descr ibed by t h e  corresponding mathematical  
ope ra t ion ,  are f a i r l y  o f t en  appl ied.  Such an apTroach c m  be a l s o  at tempted 
i n  t h e  case under considerat ion.  If we assume t h a t  t he  variable 5 in t h e  

equat ion (1) c h a r a c t e r i z e s  t h e  t ine,  t h i s  equat ion  w i l l  de sc r ibe  t h e  ~aesase 

of t h e  s i g n a l  ? ( X I  through t h e  l i n e a r  f i l t e r  wi th  response of g ( x ) ,  as a 
r e s u l t  of which a s i g n a l  f (x) w i l l  be ob ta ined  a t  f i l t e r  output .  It is 
tpus  n a t u r a l  t o  l e t  pass  a s i p a l  p ropor t iona l  t o  a w e l l  known measured func- 
t i o n  f (x) through t h e  f i l t e r  m a t e r i a l i z i n g  t h e  inve r se  t ransformat ion  i f  

we d e s i C e  t o  ob ta in  the func t ion  "(XI searched f o r .  Therefore ,  i n s t e a d  of 
coupl inp  the r a d i o  te lescoye  with a computer, e f f e c t i n g  cumbersome ca l cu la -  
t i o c s ,  i t  i s  s u f f i c i e n t  t o  combine the  r e c e i v e r  wi th  a s u f f i c i e n t l y  simple 

l i n e a r  f i l t e r .  I f  the c h a r a c t e r i s t i c  of t h e  d i r e c t  f i l t e r  is G (if&), that  
of t h e  inve r se  f i l t e r  must be expressed by the  func t ion  G cia). The 
Peyt l i -Viner*  c r i t e r i o n  of [8] a s s e r t s  t h a t  t he  c h a r a c t e r i s t i c  of a phy- 

s i c a l l y  r e a l i z a b l e  f i l t e r  must s a t i s f y  the  condi t ion  

I 

-1 

m 

* i n  t r a n s l i t e r a t i o n  
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IIence i t  fol lows iinmediately t h a t  t h e r e  e x i s t s  f o r  every phys ica l ly  
I 

r e a l i z a b l e  f i l t e r ,  an inverse  f i l t e r  t o  i t ,  j u s t  as equal ly  r e a l i e a b l e .  I 

Ir,2eed, Ilg G-'( i to ) l  = I lgG(iw)l) .  
Gubsequevitlg, t he  problen i o  formulated as fo l lows :  a r e  t h e r e  

suck antenna r a 2 i a t i o n  Ta t t e rns  t h a t  would correspond t o  phys ica l ly  r e a l i -  
zable f i l t e r s ?  In  order  t o  show the ex i s t ence  of p a t t e r n s  no t  s a t i s f y i n g  I 
t h i s  reouirement,  i t  is s u f f i c i e n t  t o  take a c i r c u l a r ,  nond i r sc t iona l  I 

pa t t e rn .  It foilows from genera l  cons idera t ions  t h a t  t h e  pa t t e rn ,  r equ i r ed  

by us, must be nonzero i n  a l imi t ed  i n t e r v a l  of angles ,  say l e s s  than  21, 
and, t o  the ex ten t  poss ib le ,  s u b s t a n t i a l l y  l e s s e r  i n t e rva l s .  A simple 
example of such a p a t t e r n  is provided by the  s e c t o r i a l  pa t t e rn .  Therefore ,  

t he  ques t ion  i s  i n  f a c t  reduced t o  t he  problem of the  p o s s i b i l i t y  of crea- 
t i n g  a l i n e a r  a n t e m a ,  w i t h  a p a t t e r n  of the given class of funct ions.  ~ 

L e t  us point  t o  still  another p o s s i b i l i t y  of p r a c t i c a l  r e a l i z a t i o n  

of t he  inve r se  f i l t e r  (besicles i t s  s y n t h e s i s  by d i r e c t  methode). Th i s  pos- 
s i b i l i t y  is based upon a we l l  known method i n  analog computing technique6 

denoted as the  method of t h e  inverse funct ion.  A t  t imes i t  i s  much s impler  

t o  s y n t h e t i e e  t h e  d i r e c t  f i l t e r .  Then t h e  inve r se  f i l t e r  may be obta ined  
by swi tch ing  the  d i r e c t  f i l t e r  onto the  ampl i f i e r  feedback wi th  a high 
ampl i f i ca t ion  f ac to r .  Thus, the switching i n  of the  u i r e c t  f i l t e r ,  whose 

response r e f l e c t s  t h e  antenna p a t t e r n ,  onto the  ampl i f i e r  feedback, w i l l  
provide the corresponding inverse  f i l t e r .  

~ 

I 

4.- Xhen tak ing  i n t o  account t h e  inf luence  of  e x t e r n a l  and i n s t r u -  
mental no i se s  on the  accurrcy of  the  s o l u t i o n  of the  problem under consi-  

de ra t ion ,  two independent problems arise. The f i r s t  c o n s i s t s  in t h e  account- 

i n g  of background, antenna, rece iv ing  appxratus  and of t h e  power-measuring 
c i r c u i t  noises.  These no i ses  will l e a d  t o  t h e  appearance of a c e r t a i n  addi- 

tioi:al adjunct  constant  (ecuFl  t o  the power of these  n o i s e s ) ,  which may be 

e a s i l y  e l i m i n a t e d  alead of t h e  inverse  f i l t e r  input .  I n  r e a l i t y ,  when ac- 
cour ,iEf of t h o s e  noises ,  w e  have i n s t e a d  of ( 3 )  



Here n ( t )  i s  the r e a l i z a t i o n  of the  a g v e g a t o  noise  t o  t h e  power measure- 
ment c i r c u i t .  Iiovever, a f t e r  deduction of the  ind ica t ed  cons t an t  component 

the f luc t i i a t ions  w i l l  remain owing t o  f i n i t e n e s s  of averaging time. L e t  us  
es t imate  t h e  magnitude of  these f luc tua t ions .  According t o  ( 5 ) ,  t h e  s t an -  

d a r d  d e f l e c t i o n  of the f l u c t u a t i o n s  i s  : 

where IJ de f ines  the  ave ra r ing  t ime .  

ht pass ing  t o  the  l o s t  e q u a l i t y  f o r n u l a  (8)  was taken i n t o  accomt .  

If the arTregate  power of noises  is eaua l  t o  the  minimum power of t he  use- 
f u l  source  id, '$,, i s  by = times smaller than  the  minimum r e j e c t i o n  

of the  measured func t ion  ( t h a t  is, by s e v e r a l  o rde r s  i n  pract ice) .*  
Thus, t he  accounting of no ises  superimposed on t h e  u s e f u l  s i g n a l  

t o  the  power mEasurement c i r c u i t ,  does no t  l e a d  t o  s e r i o u s  conpl ica t ions .  

The o t h e r ,  q u i t e  e s s e n t i a l  problem is the  account ing of apparatus' 
n o i s e s  between the  pover n3asurenent c i r c u i t  and t h e  inve r se  f i l t e r  ( t h e s e  

a r e  no i ses  from l i n e a r  a m ~ l i f i e r s ,  rrkich may s t and  i n  f r o n t  of t h e  inverse 
f i l t e r ,  and t k e  no i se s  frou conponents of t he  inve r se  f i l t e r  i t s e l f ) .  Inas- 
much as the  c k n r a c t e r i s t i c  klic i nve r se  f i l t e r  r i s e s  i n f i n i t e l y  as t h e  

c h a r a c t e r i s t i c  of t he  d i r e c t  f i l t e r  decreases, a n a t u r a l  doubt arises, as 
t o  whet'ler o r  not  these  no i ses  may b r i n g  t o  zero  t h e  e n t i r e  e f f e c t  o f  t h e  
inve r se  f i l t r a t i o n .  The narrowing of  the  inve r se  f i l t e r ' s  band, while  li- 
mit ing  t h e  power of t h e  output  no ise ,  1i"lits s imultaneously also t he  reso-  
l u t i o n  of the  sources  wker; t he  an@=- di.;tances between then  are s u f f i -  
c i e n t l y  small. Thus t h l ?  consi[ . t ra t io? of t b i s  ques t ion  from t h e  quan t i t a -  

t i v e  viewpoint makes sense.  

S ince  the  r e v e r s a l  c i r c u i t  i s  l i n e a r ,  we may cons ider  t h e  a c t i o n  
unon by the  u s e f u l  and no i se  components separa te ly .  Assume, f o r  i n s t ance ,  

t h a t  t h e  f i l t e r  response,  equiva len t  t o  t h e  antenna, i s  cha rac t e r i zed  by 
t he  Gauss curve. Then t h e  measureddis t r ibu t ion  of i n t e n s i t 7 ,  corresponding 

t o  the  po in t  source,  w i l l  be determined by t he  func t ion  

f ( t )  = l( Pe-pat'. (14) 

Here K is t h c  s i p c f  -my)i i f icat ion f a c t o r ,  when produced by t h e  power 
measurement c i r c u i t ,  P i s  t h e  source ' s  i n t e n s i t y ,  m u l t i p l i e d  by t h e  m a x i -  
mum value of t h e  an tennr ' s  r a d i a t i o n  p a t t e r n .  f is a f a c t o r ,  determined 

* I n c i d e n t a l l y ,  at weak rer-uirerncnts f o r  n and n (an6  t h i s  a l lows p r e c i s e l y  ../., [next  pagel  
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by t h e  width of t he  pattern and 

9 = 0,8t;', v'-ere to 
The s??ctrum of the funct ior :  (I+) is  determined by tne c o r r e l a t i o n  

t h e  ra te  of func t ion ' s  f (t) readout ;  

is the  pulse width of f ( t ) ,  menstlred by the  ha l f - l eve l .  

(15) 

nnc, consecucntly,  t h e  c1inra.ctrictic of tho inve r se  f i l t e r  is descr ibed  

by t h e  func t ion  
0 ((1)) E C&"/*P' 

where C > 0 is t?.e f i l t e r ' s  tralzsnissiur, f a c t o r  at  zero  frequency. 
Desirous t o  l ini i t  t':e noise power a t  reversal  c i r c u i t  ou tput ,  

we l i c i i t  t he  frequency band [O, P 3 , i n  which tho c h a r a c t e r i s t i c  of the 
r n a l  f i l t e r  co izc ides  w i t h  !16) (ou t s ide  t h i s  i n t e r v a l  i t  is zero). 
Then,, t he  power of t he  usefu?. comronent a t  i nve r se  f i l t e r  output  is 

's 
A t  t he  same time t o  tke  $ 0  sknyei! r e a l  d i s t r i b u t i o n  func t ion  o f  power 

corresponds :I fufiction of tke type s i n  x/x, t h e  width of which is  de te r -  

nioed by the  quc.:.tity Z/Q ( 

Therefore ,  t h e  q u m t i t y  52 is l i nked  w i t ' ?  t h e  r e so lv ing  power o f  the e n t i r e  
syztem. 

along t he  i n t e r s e c t i o n  wi th  the  axis 9 = 0). 

L e t  u s  now es t imate  t'le noise  d i spe r s ion  a t  output  of the ap7roximate 
i n v e r s e  f i l t e r  with a l imi t ed  band. Assume, f o r  i n s t ance ,  t h s t  t h e  noises 
of txc a n y l i f i c r  IT1 and of inve r se  f i l t e r ' s  conponent 

s p e c t r e ,  s o  t h r t  tfic c r g r r e p t e  spectrum of no i se  power is expressed by 
t!ie func t ion  

M2 have uniform 

N ( w )  = K a  N,+N, = No. (18) 

Then ti-.e power o f  t > e  ;oi:;e cor:;lomnt a t  i n v e r s e  f i l t e r  output is 

X 

where M(x) 5 i ef'dt 
i, 

[continue6 frO1.i pi?.;:e 7J.. t o  use equatior,  (1) ir! case of cont inuous 6ca.n- * 
nine), t h e  e f f e c t  of 7 0 L c s  v i 1 1  bccone cubs tn t i t i a l .  



The s i g a l - t o - n o i s e  r a t i o  a t  inverse f i l t e r  output  is 

where D,(x)  = x / M ( x ) .  

Cases of nonuniform no i se  spectrum a r e  encountered i n  p rzc t i ce .  
t h e  h t e -  I f ,  f o r  example, t h e  noiGe spectrum ha6 the  form N(@))=Now-a, 

.mal (19) is  reduced t o  the  e m r e s s i o n  

N==C2N,  ie"'/4P'w-. d o  = 
0 

(21) a + l .  2 . 
2 

Ca N o  
2 

Hence we obthin t h a t  t h e  s ignal- to-noise  r a t i o  is 

where D2 = (Q,2) )B I ,F;-l cxd  the  a r q m e n t s  at fnnc t ions  B and lF1 a r e  the  
same r s  ir, 121). 

The most c h a r a c t e r i s t i c  (and t h e  most promising) is t h e  circumetance 

t h a t  (20) and (22 )  c o n s i s t  of two comul t ip l i e r s ,  which in t he  experiment may 
be preassigned independently. The func t ions  D ( x )  a r e  only determined by 
how much we wish t o  inc rezse  the r e s o l u t i o n  of two c lose  sources.  The func- 

t i o n s  D ( x )  decrease r a p i d l y ,  so t h a t  a t  increase  o f  requirements  for t h e  
r e s o l u t i o n ,  o the r  condi t ions  being equal ,  t he  r a t i o  S/N drops. However, 
a t  c o n s t m t  degree of r e s o l v i n g  power c a p a b i l i t y  ( t h a t  is, at cons t an t  
r a t i o  a//3 we have the  p o s s i b i l i t y  of i n c r e a s i n g  S /N independently a t  
t h e  emense  of the f i r s t  comult ipl ier .  Q u i t e  promising appears  t o  be t he  
decrease of t he  f a c t o r  f ,  which, from the  phys ica l  s tandpoin t ,  corresponds 
t o  a slowed-down reproduct ion of the  func t ion  f (XI, f e d  a t  i n p u t  of the  

inve r se  f i l t e r ;  a t  the same time, from the  t h e o r e t i c a l  viewpoint,  no limi- 
t a t i o n s  of any kind arise here.  

I n  s p i t e  of the  f a c t  t h a t  w e  discussed here  only t he  concre te  
form of the  func t ion  (141, i t  is phys ica l ly  c l e &  t h a t  the  conclusions 

w i l l  remain v a l i d  f o r  a q -  form of t h a t  func t ion  (provided i t  corresponds 
t o  the rec?liecc' f i l t e r  on ly ) ,  f o r  t h e  e f f e c t  of S /N i nc rease  a t  t h e  
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expense of t h e  f i r s t  comul t ip l ie r  is based upon an equivalent  narrowing 
of the  frequency band. The l a t t e r  is poss ib le  a t  a constant  f a c t o r  of r e so l -  
ving power c a p a b i l i t y  increase  of the system at t h e  expense of t he  slowed- 

down reproduction of  the funct ion f (XI. 

Therefore,  i t  is poss ib le  t o  ob ta in  the  requi red  r e so lu t ion  of c lose  

sources  f o r  any given signal-to-noise r a t i o  at  inve r se  f i l t e r  output. This  
c o n s t i t u t e s  a s t rong  argument in favor of the  ind ica t ed  method for r e so lv ing  

the  reduct ion problem. The only complication here is t h e  requirement of gre- 

l i n i n a r y  w r i t i n g  of the  func t ion  f ( x ) ,  and then of i ts  reproduct ion at  t h e  

necessary tempo p r i o r  t o  feeding the inverse  f i l t e r .  
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